Female moths of Lyclene dharma dharma (Arctiidae, Lithosiinae) produced three pheromone components (I-III), which strongly stimulated male antennae. Using GC-MS analysis and chemical derivatizations, the following structures were estimated: 6-methyl-2-octadecanone (I), 14-methyl-2-octadecanone (II), and 6,14-dimethyl-2-octadecanone (III). While the stereochemistry of the chiral centers could not be determined because it was difficult to collect a sufficient amount of the natural pheromone, the plain structures of I and II were confirmed by synthesis of the racemic mixtures starting from diols. These methyl-branched ketones have not been identified as a natural product, indicating that they constitute a new chemical group of lepidopteran female sex pheromones.
Sex pheromones have been identified from about 600 lepidopteran species.
1) Unsaturated C 10 -C 18 fatty alcohols and their derivatives (Type I) and C 17 -C 23 unbranched polyenyl hydrocarbons and their epoxides (Type II) make up about 75% and 15% of known pheromones respectively. 2) Regarding the remaining 10% of pheromones, many miscellaneous chemicals, such as unbranched ketones and methyl-branched compounds, have been identified from female moths, mainly in the Noctuoidea, the superfamily including many highly evolved insects. [1] [2] [3] From females of the Arctiidae, one of the families in the Noctuoidea, methylbranched alkane has been characterized in addition to Type I and Type II compounds, 4) but information concerning the arctiid pheromones is still limited despite the existence of various species in this family. Particularly for the species in the Lithosiinae, a subfamily of the Arctiidae, pheromones have never been reported, suggesting the utilization of a different chemical cue in their mating communication. In order to understand their chemical diversity, we caught females and males of a Lithosiinae moth, Lyclene dharma dharma, using a black-light trap in the Iriomote Islands, located in a subtropical zone, and examined the sex pheromone.
A hexane extract of the pheromone glands was obtained from 20 female moths, and its aliquot was analyzed by a capillary gas chromatography (HP-6890 GC, column: DB-23, 0.25 mm ID Â 30 m) equipped with an electroantennographic (EAG) detector (GC-EAD) 5) using the male antenna of L. d. dharma. This analysis showed that the detector responded to three components (I-III), as shown in Fig. 1 . The EAG responses coincided well with peaks recorded by a flame ionization detector (FID). The extract included I-III in a ratio of about 2:1:1, and the peak area of I represented about 50 ng per female. On column chromatography with Florisil Ò (75-150 mm, 200 mg) of the extract mixed with synthetic standards of disparlure and bombykol, these EAG-active components were eluted together with 10% ether in hexane. Disparlure eluted with 5% ether in hexane, and bombykol did so with 30% ether. This result indicates that the pheromone components of L. d. dharma were more polar than the epoxy pheromone and less polar than the alcohol pheromone.
By GC-MS analysis conducted in electron impact mode (HP-5973 mass spectrometer interfaced to an HP-6890 GC, 70 eV), I-III showed mass spectra ( Fig. 2A The effluent from the column was split into two lines, which were led to a flame ionization detector (FID) and electroantennographic detector (EAD) in a ratio of 1:1. The male antenna responded to three components (I-III) included in the pheromone extract. The column temperature program was 50 C for 2 min, 10 C/min to 160 C, and 4 C/min to 220 C. The spectra were measured by electro-impact ionization using GC-MS with the same column and temperature program as for GC-EAD analysis.
to the chromatographic behaviors on the Florisil column, I-III were estimated to be carbonyl compounds, but not epoxides or alcohols. The intensities of ½M À 18 þ in the mass spectra of many authentic aldehydes are commonly weaker than those of I-III. Each component showed a characteristic base peak at m=z 58 (CH 3 COHCH 2 þ ), which might be an ion produced from 2-ketones by McLafferty rearrangement. Furthermore, ½M À 15 þ and the mass-spectral homology of I and III indicate that their common structures included one methyl group at the same position, and the different intensities of ½M À 18 þ of I and II were attributed to methyl groups located at different positions.
The carbon skeleton of each component was revealed by Wollf-Kishner reduction with natural pheromone partially purified by the Florisil column. GC-MS analysis of the crude product showed the following three hydrocarbons with M þ and characteristic fragment ions: 5-methyloctadecane (t R : 12.41 min) with m=z 268 (M þ , 1%), 211 (26%), and 85 (100%); 6-methyloctadecane (t R : 12.37 min) with m=z 268 (M þ , 0.5%), 197 (11%), 98 (28%), and 57 (100%); and 5,13-dimethyloctadecane (t R : 12.75 min) with m=z 282 (M þ , 0.5%), 225 (8%), 211 (9%), 98 (25%), 85 (51%), and 57 (100%). This result indicates two possible sets of structures for I-III: (A) 5-methyl-, 13-methyl-, and 5,13-dimethyl-2-octadecanones, and (B) 6-methyl-, 14-methyl-, and 6,14-dimethyl-2-octadecanones. The 5-methyl compound in the (A) group was easily prepared starting from 2,5-hexadione, which was treated with a limited amount of n-tridecylidenetriphenylphosphorane to yield 5-methyl-5-octadecen-2-one. Hydrogenation of the alkene over Pd-C produced 5-methyl-2-octadecanone, but the pattern of fragmentation in its mass spectrum was quite different from those of I and II. Hence we concluded that the natural pheromone of L. d. dharma is composed of 2-ketones with 6-methyl and/or 14-methyl branches in the (B) group.
The final candidates for I and II were synthesized via the routes shown in Fig. 3 . 1,5-Pentanediol (1) was treated with one equivalent of 2,3-dihydropyran to yield mono-tetrahydropyranyl (THP) ether, which was oxidized to an aldehyde and coupled with a Grignard reagent including a C 12 straight chain. The produced C 17 secondary alcohol (2) was oxidized to a ketone, which was coupled with methylidenetriphenylphosphorane to yield a C 18 alkenyl compound (3). After hydrogenation of the exomethylene in 3, deprotection of the THP ether and successive oxidation produced an aldehyde (4) . Coupling between 4 and MeMgBr and oxidation of the formed hydroxyl group yielded 6-methyl-2-octadecanone;
1 H NMR ( ppm): 0.85 (3H, d, J ¼ 6:5 Hz), 0.88 (3H, t, J ¼ 6:5 Hz), $1:3 (24H, broad s), $1:6 (3H, m), 2.13 (3H, s), and 2.40 (2H, t, J ¼ 7:5 Hz). On the other hand, a 14-methyl derivative was synthesized starting from 1,12-dodecanediol (5), which was mono-brominated, and the remaining hydroxyl group was protected as a methoxymethyl (MOM) ether (6) . The ylide derived from 6 was coupled with 2-hexanone to a C 18 alkenyl compound (7) . After hydrogenation of the double bond in 7, deprotection of the MOM ether and successive oxidation produced an aldehyde (8) as for the 6-methyl derivative, Grignard coupling and oxidation produced 14-methyl-2-octadecanone, which showed almost the same 1 H NMR data as the 6-methyl derivative. The GC-MS data (t R s and fragmentation patterns) for synthetic 6-methyl-2-octadecanone and 14-methyl-2-octadecanone were coincident with those of I and II respectively, and they showed strong EAGactivities. In future studies, we intend to synthesize 6,14-dimethyl-2-octadecanone to confirm the structure of III and to evaluate the three-component mixture in the field. Furthermore, we will prepare optically active compounds and examine their male-attraction activities to determine the stereochemistry of the natural pheromone components.
While another 2-ketone, 6,10,14-trimethyl-2-pentadecanone (phytone), has been identified from male moths of Galleria melonella 6) and Tirathaba mundella, 7) methyl-branched 2-ketones have never been characterized as a sex pheromone produced by female moths. Some other structure-related insect sex pheromones are known, as follows: 3,11-dimethyl-2-heptacosanone 8) and 3,11-dimethyl-2-nonacosanone 9) of a cockroach (Blattella germanica, Dictyoptera), 10-methyl-2-tridecanone of a beetle (Diabrotica undecimpunctata howardi, Coleoptera), 10) and 6,12-dimethyl-2-pentadecanone of related species (D. balteata).
11) It is interesting that taxonomically distant insects produce similar 2-ketones to communicate with their partners. In the case of the Lithosiinae moth, the females produced three components with a difference in the number or position of the methyl group, probably reflecting the many different species. About 80 Lithosiinae species are distributed in Japan. Although our experiment dealt with only one species, the result indicates that their reproductive isolation in this subfamily might correctly be attributed to a combination of methyl-branched ketones with a different structure.
